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A compensação automática de exposição (CAE) é um pré-processamento digital que altera o 
histograma das imagens radiográficas. Os objetivos do presente estudo foram (I) investigar a 
influência do material de alta densidade na CAE dos sistemas de imagem radiográfica digital e 
(II) avaliar a influência de um material de alta densidade no diagnóstico radiográfico da cárie 
proximal em sistemas digitais com CAE, e o efeito do ajuste de brilho e contraste de imagem 
para esta tarefa de diagnóstico. Um fantoma radiográfico foi feito para reproduzir as densidades 
radiográficas dos tecidos dentários. O fantoma foi radiografado nos sistemas Digora Toto, 
Digora Optime e VistaScan em 0,063s, 0,1s e 0,16s. Aquisições radiográficas foram repetidas 
na presença de material de alta densidade equivalente a um implante de titânio. Os valores de 
cinza dos tecidos dentários foram obtidos com o software Image J, e comparados na presença 
de material de alta densidade usando ANOVA e teste de Tukey (α = 0,05). Para o Digora Toto, 
a presença do implante diminuiu significativamente (p <0,05) os valores de cinza dos tecidos 
dentários, independentemente do tempo de exposição. Para o Digora Optime, no tempo de 
exposição de 0,16s, o material de alta densidade diminuíu significativamente (p <0,05) os 
valores de cinza da polpa e aumentaram os valores de cinza da dentina e do esmalte. Para o 
VistaScan, os tecidos dentários de menor densidade física foram mais significativamente (p 
<0,05) afetados pela redução dos valores de cinza, independentemente do tempo de exposição. 
Para o segundo objetivo, quarenta dentes posteriores foram montados em pares em um fatoma 
radiográfico composto por seis outros dentes não testes, e radiografados pela técnica 
interproximal com os sistemas Digora Toto e Digora Optime. Em seguida, um dente do fantoma 
foi substituído por implante de titânio e coroa protética e radiografado novamente, gerando um 
total de 80 imagens. Cinco radiologistas orais avaliaram as radiografias e indicaram a presença 
de lesões de cárie proximal utilizando uma escala de 5 pontos. Essa avaliação foi repetida com 
o uso de ajustes de brilho e contraste de imagem. Lesões de cárie proximal foram confirmadas 
por meio de microtomografia computadorizada. Área sob a curva ROC, sensibilidade, 
especificidade e valores preditivos foram calculados e comparados usando o teste ANOVA (α 
= 0,05). A presença de material de alta densidade e o ajuste de brilho e contraste de imagens 
não influenciaram significativamente no diagnóstico de lesões de cárie proximal (p≥0,05) para 
o sistema Digora Toto. Para o Digora Optime, o ajueste de brilho e contraste de imagens 
aumentou significativamente (p <0,05) o diagnóstico de lesões de cárie proximal na presença 
de material de alta densidade. Em geral, a presença de material de alta densidade em sistemas 
radiográficos digitais afetou os valores de cinza equivalentes ao tecidos dentários, mas não 
influenciou o diagnóstico de lesões de cárie proximal. O ajuste de brilho e contraste pelo 
operador é recomendado para o sistema Digora Optime quando houver material de alta 
densidade presente na região radiografada. 
 
 









The automatic exposure compensation (AEC) is a digital preprocessing that alters the histogram 
of radiographic images. The aims in the present study were (I) to investigate the effect of the 
AEC induced by a high-density material on dental tissue-equivalent gray values obtained with 
three digital radiographic imaging systems; and (II) to assess the influence of the AEC on the 
radiographic diagnosis of proximal caries lesion in the presence of a high-density material, and 
the effect of brightness and contrast subjective enhancement for this diagnostic task. A 
radiographic phantom was custom made to reproduce radiographic densities of dental tissues: 
enamel, dentin and pulp. The phantom was X-rayed using the Digora Toto, Digora Optime and 
VistaScan systems at 0.063 s, 0.1 s and 0.16 s. Radiographic acquisitions were repeated in the 
presence of high-density materials equivalent to a titanium implant. Mean gray values of the 
dental tissues were obtained with the Image J software, averaged and compared between the 
absence and presence of different high-density materials using ANOVA for multiple 
comparisons and Tukey’s test (α = 0.05). For the Digora Toto, the presence of titanium 
significantly (p<0.05) decreased gray values of the dental tissues, regardless of the exposure 
time. For the Digora Optime, at the exposure time of 0.16 s, high-density material significantly 
(p<0.05) decreased gray values of the pulp and increased gray values of the dentin and enamel. 
For the VistaScan, dental tissues of lower physical density were more significantly (p<0.05) 
affected by a reduction of gray values, regardless of the exposure time. In general, the presence 
of high-density materials in digital radiographic systems influences dental tissue-equivalent 
gray values. For the second aim, forty posterior test teeth were mounted in pairs on a 
radiographic phantom composed of six other teeth, and radiographed using the interproximal 
technique with the Digora Toto and Digora Optime systems. After, one tooth of the phantom 
was substituted with a titanium implant and prosthetic crown, and radiographed again, 
generating a total of 80 images. Five oral radiologists assessed the radiographs and indicated 
the presence of proximal caries lesions using a 5-point scale. This assessment was repeated with 
brightness and contrast subjective enhancement. Proximal caries lesions were confirmed by 
means of micro-computed tomography. Area under the ROC curve, sensitivity, specificity, and 
predictive values were calculated and compared for each radiographic system using ANOVA 
test (α=0.05). The presence of high-density material and the use of brightness and contrast 
subjective enhancement did not influence significantly on the diagnosis of proximal caries 
lesions (p≥0.05) for the Digora Toto. For the Digora Optime, brightness and contrast subjective 
enhancement significantly increased (p<0.05) the diagnostic of proximal caries lesions in the 
presence of high-density material. In general, the presence of high-density material in digital 
radiographic systems affected gray values equivalent to dental tissues, but did not influence the 
diagnosis of proximal caries lesions. Brightness and contrast subjective enhancement is 
recommended for the Digora Optime system when high-density material is present in X-rayed 
region. 
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Desde sua criação e introdução a tecnologia que envolve a imagem radiográfica 
digital está em constante aprimoramento substituindo a radiografia convencional e adquirindo 
mais espaço na rotina clínica. O cirurgião-dentista e pesquisador, Francis Moyer, apresentou, 
em 1987, o primeiro sistema radiográfico digital, utilizando receptores de imagens por sensores 
do tipo CCD (do inglês, charge-coupled device), comercializados como Radiosioviography 
Trophy Radiologie. Somente no ano de 1994, surgiu o primeiro tipo de sistema de 
armazenamento de fósforo em odontologia, conhecido como sistema PSP (do inglês, 
photostimulable storage phosphor), cujo nome era Digora (Soredex, Orion Corporation, 
Helsinki, Finland) (Kreich et al., 2005). 
Desde então, a utilização de sistemas radiográficos digitais tem sofrido 
aperfeiçoamento e crescente avanço tecnológico surgindo novos modelos comerciais a cada 
ano, com elevada capacidade de armazenamento e também com programas de simples 
manuseio possibilitando ajustes dinâmicos da imagem radiográfica digital, como por exemplo, 
o ajuste de brilho e contraste radiográfico (Abrahão et al., 2009). 
Para que haja a formação e registro da imagem radiográfica, seja ela convencional 
ou digital, é fundamental o uso de um dispositivo sensível aos raios X, sensibilização essa que 
será posteriormente evidenciada pela transformação da imagem latente em imagem visível. 
Atualmente, existem dois grupos de receptores de imagem: o filme radiográfico e os receptores 
digitais (Haiter-Neto et al., 2018). 
Um dos principais avanços dos sistemas radiográficos digitais é a diminuição de até 
90% da dose de exposição aos raios X ao paciente e a eliminação de processamento químico, 
diminuindo assim a contaminação do meio ambiente (Candeiro et al., 2009). Segundo Castilho 
et al. (2004), a imagem radiográfica digital possui características próprias que a diferencia da 
convencional. Uma das vantagens da radiografia digital é a ausência da necessidade de filme 
radiográfico e processamento químico, pois a obtenção da imagem se torna quase que 
instantânea na tela do computador, possibilitando a redução de gastos com material de consumo 
tal como produtos químicos para processamento.  
O sistema digital viabiliza, ainda, o arquivamento da imagem proporcionando um 
intercâmbio entre os profissionais da área por meio da internet e uma elevada resolução de 
imagens dos atuais sensores. A desvantagem do sistema digital são custo inicial elevado para 
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sua implementação e posterior manutenção. O modelo de radiografia digital destaca-se como 
um grande avanço da tecnologia, permitindo dessa forma a obtenção de recursos indisponíveis 
nas técnicas usadas nos dias de hoje, entretanto, as bases de técnicas, bem como a fonte de 
energia, continuam inalteradas (Botelho et al., 2003). 
Receptores que proporcionam a imagem digital unificam várias tecnologias 
diferentes apresentando-se em diferentes modelos e tamanhos. Neste meio há dois 
possibilidades de tecnologias: (I) a tecnologia do tipo estado sólido e (II) a tecnologia de placa 
de fósforo fotoestimulável. Contudo, esses detectores que estão em estado de solidificação são 
subdivididos em receptores do tipo CCD e CMOS (do inglês, complementary metal oxide 
semiconductor). 
O modelo de receptor CCD consiste na sua estrutura uma matriz de alguns pixels 
de forma individual, formados por uma pequena camada de silício do tipo N e outro modelo do 
tipo P, que são posicionados em uma matriz. Na capa desta superfície onde tem a camada de 
silício também tem uma camada de cintilante de cristalinos de forma a prover fluorescência 
bastante similares às camadas dos écrans presente nas radiografias convencionais. O feixe de 
raios X incide primeiramente nesta camada cintilante, sendo convertidos em espectro de luz de 
forma variada. Essa luz então irá interagir com os outros cristais de silício, e desta forma 
ocorrerá ligações covalentes entre os átomos de silícios já quebrados, produzindo pares de 
elétrons ionizados. Esses pares de elétrons irão formar carga e representarão um pixel 
individual, que possuirá um valor proporcional à radiação a qual foi exposto, e isso representará 
um tom de cinza. Desde sua criação esse meio de sistema vem sendo muito utilizado, entretanto, 
estes sistemas estão sendo substituídos de forma gradual pelos novos modelos de sistemas como 
CMOS (Ludlow e Mol, 2009). 
Os modelos de receptores CMOS contém uma estrutura parecida aos receptores 
CCD, porém se diferencia pela forma como a carga elétrica da ionização dos cristais de silício 
é transmitida. Exatamente na matriz onde contém os cristais de silício do receptor CMOS, cada 
um dos elementos de imagem do cristal tornam-se isolados, ou cada pixel se torna isolado do 
pixel vizinho, desta forma sendo conectado ao modelo de conversor (Mozzo e Procacci, 1998).  
O sistema PSP, tem em sua constituição uma base de polyéster recoberta em uma 
das faces por uma fina camada de flúor haleto de bário, acrescido de Europium. O bário 
combinado com o iodo forma um meio aquoso gelatinoso, que com o adicionamento do 
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europium apresenta imperfeições. Quando esses ficam expostos a radiação X, esses eletróns do 
europium começam a absorver energia, migrando para os centros F do haletos gelatinoso, onde 
estão em estado de latência (Ludlow e Mol, 2009). A sua visualização se dá por meio da leitura 
de um scanner com laser próprio para cada tipo de sistema digital. Esta leitura é realizada com 
um feixe de Luz vermelha na qual estimulam os elétrons de flúor haleto de bário. A luz branca 
irá se encarregar de apagar o restante de imagem latente, para que assim possa-se reutilizar 
(Anas et al., 2010).  
Independentemente do sistema radiográfico, as imagens digitais podem passar por 
processamentos que visam o seu aprimoramento. De acordo com Gonzales e Woord (2007), 
independentemente da opção de melhoramento (analisar, restaurar ou modificar) de uma 
imagem radiográfica digital, estas são consideradas formas de processamento de imagem. Em 
odontologia o uso de imagens radiográficas digitais, envolve uma série de processamento de 
imagens e operações com o objetivo de aprimorá-las. O processamento para a obtenção dessas 
imagens envolve operações de integradas ao processo de aquisição para a obtenção da imagem 
digital, que não estão habilitados aos usuários. Esses tipos de operações são executados 
rapidamente e passam despercebidas pelos usuários. A maioria desses modelos de 
processamentos são pré-processadas pelo fabricante.  
A radiografia digital permite, ainda, alcançar um realce posterior de imagem, 
também chamado de ajustes de pós-processamento, quando as imagens já estão na tela dos 
monitores. Os programas de visualização de imagens digitais contam com programas que 
viabilizam e dispõe de ferramentas que aumentam o brilho, contraste e nitidez em certas áreas, 
de acordo com o julgamento do operador (Ludlow e Mol, 2009). Algumas destas modificações 
na imagem ocorrem de forma integrada à aquisição e ao programa de gerenciamento do sistema 
empregado, não sendo habilitadas ao operador o seu manuseio, como é o caso da compensação 
automática de exposição (CAE) (Wenzel et al.,1993; Kullendorff et al., 1997). 
A CAE é um nivelamento de dados automático que ocorre no pré-processamento e 
atua sobre o brilho e contraste da imagem digital interferindo diretamente sobre o seu 
histograma, que geralmente tem sua profundidade de bits reduzida, agindo na escala de cinza 
da imagem obtida (Hayakawa et al., 1996a; Hayakawa et al., 1996b). Trata-se de um 
aprimoramento não linear de imagem que detecta o menor e maior valor de pixel e altera os 
valores de cinza para aumentar o contraste da imagem radiográfica (Hayakawa et al., 1996a). 
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Este recurso tem como objetivo impedir que moderadas variações de exposição aos 
raios X resultem em imagens pouco ou muito densas, o que pode ter efeito positivo sobre o 
controle de dose aos pacientes (White e Pharoah, 2015). A relação entre a presença da CAE e 
tarefas de diagnóstico foi objeto de estudo de Yoshiura et al., (2005), que objetivaram estudar 
o efeito da CAE sobre o diagnóstico de lesões de cárie proximais em diferentes tempos de 
exposição aos raios X e concluíram que a sua presença aumenta a acurácia do diagnóstico de 
cárie em sub ou superexposições aos raios X sendo preferíveis os sistemas que possuem a CAE 
em relação aos demais. 
Por meio de observação clínica, os autores deste trabalho notaram que a presença 
de materiais de alta densidade física durante as aquisições radiográficas influenciavam nos tons 
de cinza da imagem em sistemas digitais que possuíam a CAE; no entanto, ao realizar um 
levantamento bibliográfico, constataram que apesar da CAE estar presente em alguns trabalhos 
pouco se sabia sobre o efeito clínico da presença de materiais de alta densidade. Portanto, o 
objetivo principal neste estudo foi avaliar o efeito de materiais de alta densidade sobre imagens 
obtidas com diferentes sistemas radiográficos digitais. Os objetivos específicos foram: 
 Investigar a influência do material de alta densidade na CAE dos sistemas de imagem 
radiográfica digital; 
 Avaliar a influência de um material de alta densidade no diagnóstico radiográfico da 
cárie proximal em sistemas digitais com CAE, e o efeito do ajuste de brilho e contaste de 
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Objective: To investigate the influence of high-density dental material on the automatic 
exposure compensation (AEC) of digital radiographic imaging systems. 
Methods and materials: Two radiographic phantoms were custom made to reproduce 
radiographic densities of the dental tissues: enamel, dentin and pulp chamber. The phantoms 
were X-rayed using the Digora Toto, Digora Optime and VistaScan systems for 0.063 s, 0.1 s 
and 0.16 s. Radiographic acquisitions were repeated in the presence of a high-density material 
equivalent to a titanium implant, in the small and large sizes. Mean grey values of the dental 
tissue-equivalent regions were obtained with the Image J software, averaged and compared 
between the absence and presence of the high-density material using ANOVA for multiple 
comparisons and Tukey’s test (α = 0.05).  
Results: The presence of a high-density material significantly (p≤0.05) decreased grey values 
of the dental tissue-equivalent images in the Digora Toto and VistaScan, regardless of the 
exposure time. For the Digora Optime, the high-density material decreased the pulp-equivalent 
grey values at all exposure times, the dentin-equivalent grey values significantly increased at 
exposure time of the 0.1s and 0.16s, and the enamel-equivalent grey values significantly 
increased at the exposure time of 0.16s (p≤0.05). In general, the size of the high-density material 
did not affect the grey values significantly (p≤0.05). 
Conclusions: In general, the presence of a high-density dental material in digital radiographic 
systems influences the AEC by adjusting dental tissue-equivalent grey values. 




Digital radiographic imaging systems present tools that allow for simple and quick 
image adjustment,1 which may be automatic or manual. The automatic exposure compensation 
(AEC) is a non-linear enhancement of the image histogram that detects the lowest and highest 
pixel values and modifies the grey scale to increase image contrast.2 Since AEC produces high-
contrast images, it has brought advantages to clinical routine even with variations of the X-ray 
exposure.3 Although it has been observed that the presence of materials with high physical 
density influences the AEC performance,4 this is not clear in the scientific literature yet. 
The effect of AEC on image contrast and signal-to-noise ratio has been the subject 
of previous studies.2,5 It is a convenient and fast method when the exposure is not optimal, but 
it can mask excessive radiation dose in cases of overexposed images. The AEC has been shown 
to reduce signal-to-noise ratio and not to produce pixel values proportional to X-ray exposure.2,5 
When evaluating digital systems, a recent study found that high-density materials affect the 
performance of AEC in image contrast, however, the methodological design of the study did 
not evaluate this effect on grey values equivalent to the dental tissues.4  
Substantial changes in radiographic density due to the presence of high-density 
materials during radiographic acquisition in modern digital systems have been observed by 
dentists in their clinical routine, however, no previous study has assessed the effect of the AEC 
on the grey values of dental tissues in the presence of a high-density dental material. Therefore, 
the aim of this study was to investigate the effect of AEC induced by high-density dental 




Methods and materials 
Radiographic phantom preparation 
Two radiographic phantoms were custom-made for this study. They consisted of 
three polypropylene cylindrical tubes with an open top (6.7 mm in diameter x 35 mm in height) 
fixed next to each other and perpendicular to a glass slide. Each tube was filled with a 
radiopaque aqueous solution of dipotassium hydrogen phosphate (K2HPO4) at the concentration 
of 1,000 mg/mL, and at different volumes (in µL), which were determined in a pilot study for 
presenting grey values with the same aluminum-equivalent thickness to those of the dental 
tissues. The corresponding heights of the solution within the tube to represent the enamel, dentin 
and pulp chamber were, respectively, 20, 15 and 8 mm. 
In order to investigate the effect of the presence and the size of a high-density 
material on the AEC, a fourth cylinder was added to each radiographic phantom; one of them 
had 4.7 mm in diameter (henceforth, small size, S; Figure 1e) and the other had 9.7 mm in 
diameter (henceforth, large size, L; Figure 1f). Both tubes were filled with the same radiopaque 




Figure 1. Diagram illustrating the conversion of grey values into millimetres of aluminium 
(mmAl): (a) radiographic images of an aluminium step wedge with a molar tooth, (b) a titanium 
implant and (c) multiple tubes filled with the solution of K2HPO4 (c). Dotted areas represent 
the regions-of-interest (ROIs) for grey value assessment. (d) Scatter chart, the resulting trend 
line and equation based on eight ROIs of the step wedge of a representative radiograph. (e and 




The pilot study previously mentioned was based on obtaining radiographic images 
of an aluminium step wedge with either a molar tooth (Figure 1a), a titanium implant (Figure 
1b) or multiple tubes filled with the solution of K2HPO4 (Figure 1c) using the VistaScan digital 
system (Dürr Dental, Beitigheim-Bissinger, Germany) under spatial resolution of 25 lp/mm and 
contrast resolution of 8 bits. After, for all radiographic images, grey values were obtained from 
each step of the step wedge using the ImageJ, a public domain software developed by the 
National Institutes of Health (NIH-USA), and plotted against the corresponding thickness in 
millimetre using Microsoft Excel. The equation of the trend line between these values (y = 
8.9826x + 132.26 and R2 = 0.98; where y = grey value and x = mm of aluminium) was used to 
establish accurate volumes of K2HPO4 to represent dental tissues (Figure 1d). Additionally, 
K2HPO4 is a salt of high solubility with an effective atomic number (15.58) close to that of 
hydroxyapatite (15.86), which makes similar the X-ray attenuation of both substances.6 
 
Radiographic acquisition 
After having the three standard-size cylinders filled with equivalent volumes to the 
same dental tissue (pulp, enamel or dentin), the two phantoms (S and L) were X-rayed with the 
fourth cylinder (high-density material) under two conditions: empty and filled. Three intraoral 
digital imaging systems were used: VistaScan (Dürr Dental, Beitigheim-Bissinger, Germany), 
Digora Optime (Soredex, Helsinki, Finland) and Digora Toto (Soredex, Helsinki, Finland) with 
the Focus dental X-ray unit (Instrumentarium Dental, Tuusula, Finland) operating at 70 kVp, 7 
mA, 40 cm source-to-object distance and three exposure times: 0.063, 0.01, 0.16 s.  
This methodological design composed 108 experimental conditions: 3 dental 
tissues X 2 (presence and absence of a high-density material) X 2 high-density material sizes X 
3 imaging systems X 3 exposure times). In order to evaluate the reproducibility of the grey 
values, each experimental condition was X-rayed for 5 times, resulting in a total of 540 
radiographic images. Table 1 shows cropped representative radiographic images of the phantom 
S at the exposure time of 0.063s.  
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Table 1. Cropped representative radiographic images of dental tissues using three digital 
systems at the exposure time 0.063 s. The rightmost cylinder on the right of each image is the 


































All radiographic images were exported in TIFF format with contrast resolution of 
8 bits. Using the ImageJ software, a circular region-of-interest (ROI) of 2.0 mm in diameter 
was established on the center of the images of the three standard-size cylinders to obtain the 
mean grey values related to the dental tissue-equivalent regions. 
Statistical Analysis 
Data were analyzed using SPSS version 22.0 software (IMB Corp., Armonk, New 
York, USA). Analysis of variance (ANOVA) was used to compare the grey values between 
experimental groups of each radiographic system, followed by Tukey’s test for multiple 




Table 2 shows the distribution of the mean of grey values corresponding to the pulp, 
dentin and enamel, in the presence or absence of implant, in small and large sizes, in 0.063s, 
0.1s and 0.16s exposure times, distributed according to the Digora Toto, Digora Optime and 
VistaScan radiographic systems. 
The presence of a high-density material significantly (p≤0.05) decreased grey 
values of the dental tissue-equivalent images in the Digora Toto and VistaScan, regardless of 
the exposure time. For the Digora Optime, the grey values were affected differently in the 
presence of a high-density material, such that, the pulp-equivalent grey values decreased at all 
exposure times, the dentin-equivalent grey values significantly increased at exposure time of 
the 0.1s and 0.16s, and the enamel-equivalent grey values significantly increased at the 
exposure time of 0.16s (p≤0.05). 
In general, the size of the high-density material did not affect significantly (p≤0.05) 
the grey values of dental tissues, except for the pulp in 0.16s on the Digora Toto and VistaScan, 
when the small size presented greater reduction (p≤0.05) of the grey values in relation to the 
large size, and for the dentin in 0.16s on the Digora Optime, when the large size presented 




Table 2. Mean and SD of grey values corresponding to the dental tissues in the presence (with 





0.063s  0.1s  0.16s 
Digora Toto  w/o Ti with Ti  w/o Ti with Ti  w/o Ti with Ti 
Small 
Pulp 156.5 (2.9)*c 89.6 (0.6)c  130.1 (2.8)*c 88.7 (0.7)c  129.3 (2.6)*c 88.3 (0.4)d 
Dentin 195.7 (1.6)*b 150.9 (0.6)b  184.2 (0.1)*b 151.5 (0.2)b  184.0 (0.1)*b 151.3 (0.4)b 
Enamel 201.7 (0.2)*a 186.9 (1.1)a  202.7 (0.9)*a 187.6 (0.9)a  202.6 (1.0)*a 187.6 (0.9)a 
Large 
Pulp 156.5 (2.9)*c 90.9 (2.8)c  130.1 (2.8)*c 90.7 (2.4)c  129.3 (2.6)*c 91.3 (2.8)c 
Dentin 195.7 (1.6)*b 151.5 (1.6)b  184.2 (0.1)*b 151.6 (1.4)b  184.0 (0.1)*b 151.8 (1.5)b 
Enamel 201.7 (0.2)*a 185.7 (1.3)a  202.7 (0.9)*a 186.2 (1.3)a  202.6 (1.0)*a 186.3 (1.5)a 
Digora Optime     
Small 
Pulp 253.3 (2.3)* 220.8 (11.8)b  155.8 (9.2)*c 126.2 (16.8)c  54.3 (8.2)*c 40.5 (10.3)d 
Dentin 255.0 (0.0) 255.0 (0.0)a  199.4 (10.3)#b 227.7 (5.6)b  101.4 (10.9)#b 134.7 (2.9)b 
Enamel 255.0 (0.0) 255.0 (0.0)a  254.2 (1.1)a 255.0 (0.0)a  185.7 (9.0)*a 213.4 (8.3)a 
Large 
Pulp 253.3 (2.3)* 215.6 (4.7)b  155.8 (9.2)*c 116.1 (8.0)c  54.3 (8.2)#c 33.2 (7.0)d 
Dentin 255.0 (0.0) 255.0 (0.0)a  199.4 (10.3)#b 216.2 (6.2)b  101.4 (10.9)#b 120.9 (7.2)c 
Enamel 255.0 (0.0) 255.0 (0.0)a  254.2 (1.1)a 255.0 (0.0)a  185.7 (9.0)#a 203.2 (7.4)a 
VistaScan     
Small 
 
Pulp 149.6 (0.4)*c 137.1 (0.1)c  141.3 (0.4)*c 135.9 (2.2)c  142.0 (0.5)*c 135.3 (1.2)d 
Dentin 189.5 (0.5)*b 180.4 (0.3)b  183.7 (0.1)*b 180.3 (0.1)b  183.9 (0.9)*b 179.6 (0.6)b 
Enamel 209.6 (0.8)*a 204.7 (0.8)a  206.5 (0.2)*a 204.4 (0.2)a  207.2 (0.2)*a 204.0 (0.4)a 
Large 
 
Pulp 149.6 (0.3)*c 137.3 (1.1)c  141.3 (0.4)*c 135.6 (1.3)c  142.0 (0.5)*c 136.6 (0.9)c 
Dentin 189.5 (0.6)*b 180.8 (0.8)b  183.7 (0.1)*b 179.6 (1.1)b  183.9 (0.9)*b 179.7 (1.0)b 
Enamel 209.6 (0.1)*a 203.8 (0.4)a  206.5 (0.2)*a 203.9 (0.6)a  207.2 (0.2)*a 205.1 (0.4)a 
*Significantly higher than “with Ti” under the same conditions. #Significantly lower than “with 
Ti” under the same conditions. Different letters indicate significant difference in the same 





The presence of high-density material during radiographic acquisition 
automatically changes the grey values of the image in systems with AEC.4 However, to the best 
of the author’s knowledge, no previous studies have demonstrated the influence of the presence 
of high-density dental materials on the grey values of dental tissues. In general, the present 
study showed that the action of the AEC varies depending on the radiographic system.  
In most cases, the presence of a high-density material decreased the grey values of 
dental tissues in the Digora Toto, Digora Optime and VistaScan. In specific cases in the Digora 
Optime at the exposure times of 0.1 s and 0.16 s, the high-density material increased the grey 
values of dental tissues, which reveals that this system presents a bidirectional function that 
increases or decreases the grey values to improve the image contrast.3,7 For Digora Optime, 
longer exposure times produced a greater variation on the grey values. The other systems did 
not vary the results as a function of the exposure time. 
With regard to the exposure time, attention should be paid to the fact that excessive 
underexposure produces saturated images, i.e. grey values concentrated at the upper limit of the 
grey scale (histogram shifted to the right). When looking at our results (Table 2), this is more 
evident for the Digora Optime at 0.063 s, which limits the assessment of the action of AEC in 
the presence of a high-density material and reveals that the inherent sensitivity of the imaging 
systems plays a critical role in the comparative evaluation of grey values. However, it is 
important to mention that the exposure times used in this study were determined based on the 
clinical routine of the authors, in which diagnostically acceptable periapical radiographic 
images are obtained using the three digital radiographic imaging systems associated to a high-
frequency intraoral unit. 
For the Digora Toto and VistaScan, the size of the high-density material, i.e. the 
coverage area on the radiographic image, did not influence the grey values of dental tissues, 
with the exception of the pulp-equivalent grey values at the exposure time of 0.16 s, which 
reduced significantly for the small size. The Digora Optime was not affected by the size of the 
high-density material. This finding is in agreement with the scientific literature, considering 
that AEC detects the maximum and minimum grey values of the image and automatically 
adjusts these values to increase the image contrast.2 Although the authors did not expect to find 
significant differences related to the size of the high-density dental material, this analysis was 
important to rule out such possibility when interpreting the results. The assessment of the size 
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of high-density dental materials is new in the scientific literature, which limits direct 
comparison of the current results with those of similar studies. Additionally, each digital 
radiographic system presents inherent characteristics that can influence the final grey values of 
the image, such as contrast resolution, dynamic range and integrated image software, and this 
should be taken into account. 
Dashpuntsag et al.4 investigated the effects of AEC on the grey values of an 
aluminum step-wedge in the presence of lead and at different exposure times and, as in our 
study, the addition of high-density material increased and decreased grey values for the Digora 
Optime, and slightly increased for the VistaScan. The non-linear behaviour of Digora Optime 
in relation to the physical density of the material and grey value was also observed. Dashpuntsag 
et al.4 also indicated that structures of higher grey values are more sensitive to changes in AEC. 
Based on the results found in this study, it could be verified that the presence of a 
high-density material, such as an implant, adjusts the grey values, which could reflect on the 
diagnostic accuracy of discrete lesions. 
In the study of Yoshiura et al,3 the effect of AEC on the diagnosis of proximal caries 
was evaluated, and the authors concluded that the AEC increased diagnostic accuracy in sub- 
and super-exposed images, indicating its usefulness use for this diagnostic task. This is 
observed when the radiation exposure does not comply with the radioprotection principle of 
keeping the exposure factors as low as diagnostically acceptable. However, the influence of the 
presence of high physical density material was not investigated.  
This being an in-vitro study, the current methodology could accurately isolate the 
study object, avoiding bias from additional interferences. However, limitations related to the 
positioning and distribution of the dental tissue- and implant-equivalent materials, and the 
background area during radiographic acquisition should be considered.2 Studies that simulate 
clinical conditions to evaluate the influence of the AEC on the diagnostic accuracy in the 
presence of high-density dental materials, as well as the effect of post-image processing are 





In general, AEC is influenced by the presence of a high-density dental material in 
the digital radiographic systems tested, regardless of the X-ray exposure time and the size of 
the high-density material.  
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The aim of this study was to assess the influence of a high-density material on the radiographic 
diagnosis of proximal caries in digital systems with automatic exposure compensation (AEC), 
and the effect of brightness and contrast subjective enhancement for this diagnostic task. Forty 
posterior human teeth presenting a proximal white spot lesion on, at least, one proximal surface 
were selected. These carious lesions were confirmed using micro-computed tomography. The 
sample of the present study consisted of only non-cavitated caries lesions. The teeth were 
mounted on a radiographic phantom and radiographed using the bitewing technique with the 
Digora Toto and Digora Optime digital systems. After, a tooth was replaced with a set 
composed of a titanium implant and a metal-ceramic crown, and radiographed again. Five oral 
radiologists were asked to assess the radiographs and indicate the presence of proximal caries 
lesions using a 5-point scale. This assessment was repeated with brightness and contrast 
subjective enhancement. Proximal caries lesions were confirmed by means of micro-computed 
tomography. Area under the ROC curve, sensitivity, specificity, and predictive values were 
calculated and compared for each radiographic system using ANOVA test (α=0.05). The 
presence of high-density material and the use of brightness and contrast subjective enhancement 
did not influence significantly on the diagnosis of proximal caries lesions (p≥0.05) for the 
Digora Toto. For the Digora Optime, brightness and contrast subjective enhancement 
significantly increased (p<0.05) the diagnostic of proximal caries lesions in the presence of 
high-density material. The presence of a high-density material in the X-rayed region does not 
influence the radiographic diagnosis of proximal caries. However, brightness and contrast 
subjective enhancement is recommended for the Digora Optime system when high-density 






Digital intraoral radiographic systems are widely used in many areas of dentistry 
and the technology of digital image receptors has been increasingly updated to improve image 
quality and, thus, increase diagnostic accuracy.20 For this purpose, in addition to image post-
processing tools, which allow the observer to subjectively adjust features such as brightness 
and contrast, some digital systems pre-process the image before it is displayed on the monitor. 
Accordingly, automatic exposure compensation (AEC) is a observer-independent pre-
processing tool that adjusts the greyscale range based on the amount of X-rays reaching the 
image receptor.4,13,26, This avoids important image degradation when exposure factors are not 
optimum and has a positive effect on patient dose control.9,10  
The existing scientific literature is scarce regarding AEC; however, digital systems 
with AEC have demonstrated greater accuracy in the radiographic diagnosis of caries lesions at 
inadequate exposure factors26. Importantly, besides the energetic factors that can be adjusted 
on the X-ray machine such as exposure time, milliamperage and kilovoltage, the physical 
properties of the X-rayed object can also affect the amount of radiation reaching the image 
receptor. Interestingly, the presence of a metallic plate have demonstrated to affect the final 
image of digital radiographic images4, and the authors of the present study have observed in 
clinical routine that radiographic images presenting metallic materials were denser (darker) than 
images without metal at the same exposure factors, possibly indicating the action of AEC. 
Considering that numerous metallic materials can be observed in the oral cavity 
(e.g. dental implants, metallic restorations and prosthesis), and that carious lesions is one of the 
most common radiographic diagnosis in dentistry and it is based on the detection of subtle 
differences in shades of grey, the aims of this study were: (I) to assess the influence of a high-
density material on the radiographic diagnosis of proximal caries in digital systems with AEC, 







2. Materials and Methods 
This study was conducted after being approved by the local human research ethics 
committee (protocol #65745217.1.0000.5418). 
 
Sample selection 
Forty posterior human test teeth were selected (20 premolars and 20 molars) 
presenting a proximal white spot lesion on, at least, one proximal surface. Teeth with cavitated 
lesions, restorations and anomalous anatomy were excluded from the sample. All teeth were 
scanned using the Skyscan 1174 micro-computed tomography (micro-CT) unit (Bruker Corp., 
Kontich, Belgium) at 50 kV, 800 μAs, aluminum filter of 0.5 mm, pixel size of 15 μm, 1 frame, 
rotation step of 0.3º, rotation of 180º, 617 basis-images and scanning time of 57 minutes. The 
micro-CT was used to confirm the presence and extension of the carious lesions. Thus, the final 
sample consisted of 27 surfaces free of caries, 35 surfaces with the carious lesion restricted to 
the outer half of the enamel, and 18 surfaces with the carious lesion reaching the dentinoenamel 
junction (Figure 1). 
 
 
Fig. 1. Micro-computed tomography images showing proximal caries lesions (white arrows) 





Radiographic phantom preparation 
The forty selected teeth were grouped in twenty pairs and inserted individually into 
radiographic phantoms composed of six non-test teeth fixed in two plaster blocks mixed with 
grinded rice in a proportion of 1:1 to simulated the radiographic appearance of alveolar bone 
(Oliveira et al,19). As shown in figure 2, the teeth were arranged to simulate a clinical condition. 
One of the non-test teeth could be easily removed for further replacement with a set of a titanium 
dental implant and a metal-ceramic crown (Figure 2). 
 
 
Fig. 2. Schematic drawing of the radiographic phantoms indicating the pair of test teeth in the 
absence (A) and presence (B) of a high-density material. 
 
Radiographic image acquisition 
The phantom (Fig. 2A) was X-rayed according to the interproximal technique with 
a Focus unit (Instrumentarium, Tuusula, Finland) at 70 kVp, 7 mA, a exposure time of 0.16 s 
and a focus-image receptor distance of 40 cm. The digital radiographic imaging systems with 
AEC were the Digora Toto (Soredex, Tuusula, Finland), size 2 CMOS-sensor with contrast 
resolution of 12 bits and spatial resolution of 26.3 lp/mm, and the Digora Optime (Soredex, 
Tuusula, Finland), size 2 phosphor plate, with contrast resolution of 14 bits and spatial 
resolution of 14.3 lp/mm. After, a non-test tooth was replaced with a set composed of a titanium 
implant and a metal-ceramic crown (Fig 2B), and radiographic acquisitions were repeated, 
generating a total of 80 images (20 pairs of teeth x 2 digital systems x 2 conditions related to 
the presence of metal).  
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To standardize image acquisition and keep the same geometrical setting according 
to the interproximal technique, a platform was designed to stabilize the phantom, and hold the 
image receptor. A 2.5 cm-thick acrylic plate was placed between the X-ray source and the 
phantom to simulate soft tissue attenuation. All images were exported as TIFF files (Figure 3). 
 
 
Fig. 3. Bitewing digital radiographs obtained with the Digora Toto (A and B) and Digora 
Optime (C and D), in the absence (A and C) and presence (B and D) of a high-density material. 
 
Image assessment 
Five oral radiologists, with at least five years of experience in the diagnosis of 
proximal caries, assessed the images independently using the JPEGView, a public domain 
software, on a LCD monitor of 24.1 inches and 1920x1200 pixels (Barco N.V., Courtray, 
Belgium), in a calm and low-light environment. They were asked to score both proximal 
surfaces of each test tooth in a 5-point scale, according to the presence of carious lesion: (1) 
absent, (2) probably absent, (3) uncertain, (4) probably present and (5) present. After a one-
month interval, the observers were asked to reassess the images and advised to adjust image 
brightness and contrast based on their subjective perception. After an additional one-month 




Data were analyzed using SPSS version 22.0 software (IMB Corp., Armonk, New 
York, USA). Intra and interobserver agreement were calculated by weighted-Kappa test and 
interpreted according to Landis & Koch14. The area under the Receiver Operating Characteristic 
(ROC) curve (AUC), sensitivity, specificity, positive predictive value (PPV) and negative 
predictive value (NPV) were obtained and compared with ANOVA, with post-hoc Tukey test. 
The significance level was set at 5% (α=0.05). 
 
3. Results 
For both radiographic systems, the intraobserver agreement ranged from moderate to 
good, and the interobserver agreement ranged from reasonable to moderate (Table 1). 
 
Table 1. Kappa values for intra- and interobserver agreement. 
Observer 1 2 3 4 5 
1 0.576 0.278 0.426 0.418 0.371 
2  0.721 0.352 0.422 0.228 
3   0.554 0.398 0.283 
4    0.637 0.318 
5     0.541 
 
 
Table 2 shows that the presence of a high-density material did not significantly 
affect the radiographic diagnosis of proximal carious lesions (p≥0.05) for both digital systems. 
For the Digora Optime, adjustment of brightness and contrast significantly increased (p<0.05) 
the radiographic diagnosis of proximal carious lesions in the presence of high-density material. 
In most cases, the specificity was greater than sensitivity and, in all cases, PPV was greater than 
NPV; however, no significant difference was observed between the experimental groups for 




Table 2. Mean values (standard deviation) of the area under the ROC curve (AUC), sensitivity, specificity, positive predictive value (PPV) and 
negative predictive value (NPV) in the radiographic diagnosis of proximal caries from two digital systems with and without (w/o) a high-density 







AUC Sensitivity Specificity PPV NPV 
Digora Toto 
w/o 
w/o 0.43 (0.02) 0.31 (0.11) 0.58 (0.10) 0.50 (0.05) 0.35 (0.01) 
with 0.46 (0.02) 0.37 (0.16) 0.57 (0.10) 0.54 (0.07) 0.38 (0.02) 
with 
w/o 0.44 (0.02) 0.31 (0.10) 0.59 (0.07) 0.52 (0.05) 0.37 (0.01) 
with 0.44 (0.06) 0.35 (0.16) 0.58 (0.09) 0.53 (0.09) 0.38 (0.05) 
Digora Optime 
w/o 
w/o 0.49 (0.08) 0.49 (0.18) 0.50 (0.13) 0.56 (0.03) 0.44 (0.15) 
with 0.48 (0.02) 0.55 (0.19) 0.44 (0.21) 0.60 (0.03) 0.39 (0.03) 
with 
w/o 0.42 (0.03) 0.32 (0.15) 0.58 (0.11) 0.58 (0.03) 0.38 (0.04) 
with 0.51 (0.04)# 0.49 (0.22) 0.53 (0.23) 0.61 (0.04) 0.41 (0.05) 







Currently, limited information is available on the effectiveness of AEC in digital 
radiographic imaging systems for different diagnostic tasks. To the best of our knowledge, this 
study is the first to evaluate the influence of a high-density material on the radiographic 
diagnosis of proximal caries in digital systems with AEC, as well as the effect of adjustment of 
brightness and contrast. The results showed that the presence of a high-density material in the 
radiographed region does not influence the diagnosis of proximal carious lesions for the Digora 
Toto and Digora Optime systems. However, the adjustment of brightness and contrast is 
recommended for the Digora Optime system in the presence of a high-density material. 
In a previous study, Yoshiura et al.26 investigated the effect of AEC on the diagnosis 
of proximal caries by means of radiographic examinations at different exposure times. The 
authors concluded that systems with AEC increased the diagnostic accuracy of proximal caries 
in cases of sub- and super-exposures, indicating the use of systems with AEC for the diagnosis 
of proximal caries. However, the influence of the presence of high-density materials in the 
radiographed area was not evaluated. 
Recently, Dashpuntsag et al.4 revealed that the addition of a high-density material 
causes significant changes in the grey values of the radiographic image. However, this was an 
in-vitro study with no simulation of clinical conditions, since to analysed the effect of the 
presence of lead on the radiographic density of an aluminum step-wedge.4 
In a previous in-vitro study the presence of a high-density material equivalent to a 
titanium implant demonstrated to affect the grey values of the dental tissues obtained with three 
digital radiographic systems, by increasing grey values of dental tissues in the Digora Toto 
system at the exposure time of 0.16s, and by increasing grey values of the pulp and decreasing 
grey values of the dentin and enamel in the Digora Optime system at the exposure time of 
0.16s.7 
Several studies1,5,17 investigated the diagnostic accuracy of proximal caries using 
digital radiographic systems. However, the main objectives were to compare the conventional 
system with different digital systems2,3,5,17 and the use of post-processing in digital 
systems.11,12,17,21 In general, these studies did not show significant differences between the 
conventional and digital methods, even with the use of post-processing for this diagnostic task. 
The results of previous study26 led to the understanding that the presence of a high-density 
material in radiographic acquisition in systems with AEC could influence the accuracy of 
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diagnosis of dental lesions; however, this study showed that the change in grey values caused 
by AEC in the Digora Toto and Digora Optime systems was not significant to affect the 
diagnosis of proximal caries. 
In addition, Hayakawa et al.9 observed that the effect of AEC was increased when 
the image detector was exposed to x-rays without objects, suggesting that not only the density 
of the X-rayed object, but also the distribution of this object in the radiographic acquisition 
could influence the effect of the AEC. In-vitro studies that showed significant differences did 
not simulate a clinical distribution of the x-ray object, which may have influenced its results. It 
is important to test statistically significant differences in numerical values of in-vitro studies in 
clinical settings. In the present study, the use of adjustment of brightness and contrast  was 
important for the Digora Optime system in the presence of a high-density material, since 
radiographic images obtained with this system presented significantly higher values of AUC.  
Interproximal radiography is the imaging exam recommended for the diagnosis of 
proximal caries.21 For this reason, this technique was used in the present study. Additionally, 
two digital radiographic imaging systems of the same manufacturer were used because previous 
studies showed different effects regarding the AEC among different systems.4,26 
The use of micro-computed tomography as reference standard in studies of 
diagnostic accuracy of dental caries is relatively recent.17 However, this modality has presented 
solid results15,18,22 when compared to histological method, having the advantage of being a non 
destructive modality. In addition, the sample of the present study consisted of only non-
cavitated caries lesions, which may explain the reduced intra- and interobserver agreement 
values, as well as the diagnostic values. However, these values are similar to those obtained in 
previous studies for the same diagnostic task.1,3,11 
Digital radiographic systems present many characteristics that can influence 
diagnostic accuracy, such as contrast resolution, dynamic scaling and different integrated image 
enhancement software. Therefore, the comparison of results between different radiographic 
systems must be made respecting the characteristics of each system.16 For this reason, in our 
study, the digital radiographic systems were analyzed separately. 
For being an ex-vivo study, the present methodology allowed for greater control of 
the variables, standardization of the radiographic acquisitions and comparison of the diagnosis 
with a reference standard, which contributes to a more solid result. Furthers studies that evaluate 
different diagnostic tasks in digital radiographic systems with AEC are recommended. The 
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presence of a high-density material does not influence the radiographic diagnosis of proximal 
carious lesions. However, subjective adjustment of brightness and contrast is recommended for 
the Digora Optime digital system when a high-density material is present in the exposed area. 
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A presença de material de alta densidade física durante a aquisição radiográfica 
digital ajusta automaticamente os valores de cinza da imagem nos sistemas com CAE 
(Dashpuntsag et al. 2017). Entretanto, este foi o primeiro estudo que investigou o 
comportamento dos valores de cinza equivalentes aos tecidos dentários na presença de materiais 
odontológicos de alta densidade física quando radiografados por meio de sistemas com CAE e 
que avaliou a influência da CAE no diagnóstico radiográfico de lesões de cárie proximais na 
presença de materiais de alta densidade. Em geral, o presente estudo mostrou que a ação da 
CAE varia dependendo do sistema radiográfico utilizado, e da densidade física do tecido 
dentário. Demonstrou também que a presença de materiais de alta densidade física na região 
radiografada não influenciou no diagnóstico das lesões de cárie proximal para os sistemas 
Digora Toto e Digora Optime. 
Em um estudo prévio, Yoshiura et al. (2005) investigaram o efeito da CAE no 
diagnóstico de cárie proximal por meio de exames radiográficos em diferentes tempos de 
exposição. Ao final do estudo, os autores concluíram que sistemas com CAE aumentaram a 
acurácia diagnóstica de cárie proximal em casos de sub e superexposições radiográficas, 
indicando o uso de sistemas com CAE para o diagnóstico de cárie proximal. Porém, a influência 
da presença de materiais metálicos nas aquisições radiográficas não foi avaliada. 
Nosso estudo mostrou que a presença de material de alta densidade física diminui 
os valores de cinza dos tecidos dentários nos sistemas Digora Toto, Digora Optime (na maioria 
dos casos) e VistaScan. Em casos específicos, o material de alta densidade física aumenta os 
valores de cinza dos tecidos dentários no sistema Digora Optime. Esse efeito ocorreu no tempo 
de 0,1s em dentina e 0,16s em dentina e esmalte, devido ao Digora Optime apresentar uma 
função bidirecional que pode aumentar ou diminuir os valores de cinza, com objetivo de 
melhorar o contraste da imagem (Hayakawa et al. 1996b; Yoshiura et al. 2003). Para o Digora 
Optime, quanto maior o tempo de exposição usado, maior foi o efeito sobre os valores de cinza. 
Os demais sistemas não variaram os resultados em função do tempo de exposição. 
Em um estudo realizado por Dashpuntsag et al. (2017) que investigou os efeitos da 
CAE sobre os valores de cinza em escalas de alumínio nos sistemas Digora Optime e VistaScan 
na presença de chumbo e em diferentes tempos de exposição, podemos verificar que, assim 
como em nosso estudo, a adição do material de alta densidade física fez com que o valor de 
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cinza ora aumentasse e ora diminuísse nas imagens do Digora Optime, enquanto que o valor de 
cinza das imagens do VistaScan aumentaram discretamente. O comportamento não linear do 
Digora Optime em relação a densidade física do material e valor de cinza também foi 
observado. Estruturas com maiores valores de cinza são mais sensíveis as mudanças da CAE.  
Com base nesses resultados, pode-se inferir que a presença de materiais de alta 
densidade física, como o implante de titânio, durante as aquisições radiográficas em sistemas 
digitais com CAE, poderiam causar ajustes automáticos, aumentando ou diminuindo os valores 
de cinza das estruturas radiografadas e consequentemente, repercutir no diagnóstico 
radiográfico de lesões discretas, dependendo do sistema radiográfico usado. Contudo, apesar 
da presença de materiais odontológicos de alta densidade modificarem automaticamente os 
valores de cinza de tecidos dentários em sistemas com CAE, este estudo mostrou que tais 
modificações não foram suficientes para causar efeito sobre o diagnóstico de lesões de cárie 
proximais nos sistemas testados. 
Contudo, o uso do pós-processamento se mostrou importante para o sistema Digora 
Optime na presença de material de alta densidade, uma vez que imagens radiográficas obtidas 
por este sistema, na presença de material de alta densidade e sem ajustes de pós-processamento, 
tiveram os menores valores de acurácia no diagnóstico de cárie proximal e diferiram do grupo 
em que aplicou-se o ajuste de brilho e contraste. Devido ao comportamento logarítmico da 
CAE, tem sido sugerido que os fabricantes de sistemas radiográficos em odontologia deem 
preferência por técnicas de aprimoramento de imagem como a identificador de dados de 
exposição (do inglês, exposure data recognizer), que pode ajustar automaticamente a latitude e 
sensibilidade ao ler um detector de imagem e exibir uma imagem ideal para análises 
histográficas (Dashpuntsag et al. 2017; Sonoda et al. 1983). Além disso, um amplificador 
logarítmico mantém a relação linear entre o nível do sinal e a exposição (Dashpuntsag et al. 
2017). No entanto, estudos científicos são necessários para avaliar essas técnicas e sua aplicação 
na odontologia. 
O modelo deste estudo permitiu um maior controle das variáveis testadas, a 
padronização das aquisições radiográficas e a comparação do diagnóstico por meio de um 
padrão-ouro. A soma destas características contribuem para um resultado mais sólido. Estudos 
futuros que avaliem a acurácia de diagnóstico de outras condições dentárias em sistemas 




 Em geral, a CAE foi influenciada pela presença de material de alta densidade nos 
sistemas radiográficos digitais testados, independentemente do tempo de exposição aos 
raios X e do tamanho do material. 
 A presença de material de alta densidade não influenciou o diagnóstico radiográfico de 
lesões de cárie proximal. No entanto, o ajuste subjetivo de brilho e contraste é 
recomendado para o sistema Digora Optime quando um material de alta densidade 
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